Aim: To investigate T-bet mRNA and protein expression on peripheral blood mononuclear cells (PBMC) in patients with Behçet's disease with active uveitis. Methods: Blood samples were taken from 24 patients with Behçet's disease who had active uveitis and 16 healthy individuals. PBMC were subjected to analysis of T-bet mRNA and protein expression using semiquatitative reverse transcriptase-polymerase chain reaction (RT-PCR) and western blot, respectively. The products from PCR were sequenced. In order to determine the influence of activation on T-bet expression, the phytohaemagglutinin (PHA) stimulated PBMC from each sample were also evaluated for expression of T-bet mRNA and protein.
Results: A significantly increased T-bet mRNA accumulation was detected in the samples from patients with active Behçet's disease compared with that in controls. A 62 kDa band was detectable in patients with active Behçet's disease, but not in controls. No difference was found between patients with Behçet's disease who had active uveitis and normal controls concerning the expression of either T-bet mRNA or its protein after stimulation with PHA for 72 hours. Conclusion: Behçet's disease is associated with an upregulation of T-bet expression, which supports a role for the Th1 subset of T cells in the pathogenesis of this disease.
I
t is well known that the balance between Th1 and Th2 cells is essential for the immune homeostasis within the body. Overproduction of Th1 cytokines has been implicated in delayed type hypersensitivity reactions and autoimmune diseases. 1 2 Numerous studies have been performed to investigate the factors involved in the regulation of Th1 cells. T-bet, also known as T-box expression in T cells, is a newly identified Th1 specific T-box transcription factor selectively expressed in Th1 cells. It is able to target chromatin remodelling of the IFN-c gene in Th1 cells and has the unique ability to redirect fully polarised Th2 cells into Th1 cells, as evidenced by simultaneous induction of IFN-c and repression of IL-4 and IL-5.
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Behçet's disease is a chronic systemic inflammatory disease with unknown aetiology. A number of clinical and laboratory findings suggest a strongly polarised Th1 immune response in Behçet's disease. [7] [8] [9] [10] [11] [12] It is not yet clear whether the T-bet protein is involved in the proposed Th1 mediated pathogenesis of Behçet's disease at transcriptional level. This study was therefore designed to investigate the expression of T-bet in Behçet's disease using reverse transcriptase-polymerase chain reaction (RT-PCR) and western blot.
PATIENTS AND METHODS

Patients
Twenty four patients with Behçet's disease (11 men and 13 women) who had active uveitis were included in this study. The average age of the patients was 36.5 years. The diagnosis of Behçet's disease was based on the criteria designed by the International Study Group for Behçet's disease. 13 All patients showed a recurrent uveitis and an active intraocular inflammation was noted when sampling was done before visiting our ophthalmic centre. Sixteen healthy individuals (seven men and nine women) served as controls with an average age of 35.4 years. The common ocular findings in these patients with Behçet's disease were non-granulomatous anterior uveitis (80%), retinal vasculitis (95.8%), and retinitis (100%). The common extraocular manifestations were recurrent aphthous stomatitis (100%), multiform skin lesions (91.7%), recurrent genital ulcer (54%), and arthritis (50%). All patients had been intermittently treated with systemic steroid, but no immunosuppressive agents were used before collection of these blood samples. All participants were informed about the study and agreed to participate and allowed additional blood sampling for research purposes.
PBMC isolation and culture
Heparinised blood samples (8 ml) were obtained from patients and healthy individuals and isolation of peripheral blood mononuclear cells (PBMC) was performed by density gradient centrifugation. The PBMC obtained from each sample was divided into two aliquots: one directly subjected to the analysis for T-bet at both mRNA and protein levels and the other for analysis of T-bet after activation of these PBMC with PHA (Sigma, MO, USA) at a concentration of 5 mg/ml. For this purpose, the PBMC were cultured with PHA for 72 hours. The cells were collected after the culture and used for T-bet analysis using the following procedure.
RNA preparation and RT-PCR
Total RNA was extracted from PBMC with or without phytohaemagglutinin (PHA) stimulation by using the Trizol reagent (Gibco Life Technologies, CA, USA) according to the manufacturer's instruction. The obtained samples were quantified by absorbance at 260 nm. Integrity of RNA was checked by electrophoresis on a 1.2% agarose gel. PBMC cDNA was synthesised and amplified in the ThermoScript RT-PCR System (Gibco Life Technologies, CA, USA) under the conditions stated in the manufacturer's protocol. After PCR reaction conditions were optimised, the PCR reactions were performed in a total volume of 50 ml in presence of 2U of Taq DNA polymerase, 200 mmol/l dNTPs, and 0.5 mmol/l 5'and 3' primers. Reaction was incubated in a GeneAmpPCR system 9700 (PE Biosystems, CA, USA). The PCR procedures included denaturation for 1 minute at 94˚C, annealing for 1 minute at 55˚C, and extension for 1 minute 15 seconds at 72˚C. PCR primers used were as follows: T-bet, sense: 5'-GAGGGTCGCGCTCAACAAC-3'; antisense: 5'-GGATGCTGGTGTCAACA GATG-3'; b actin, sense: 5'GCCATCCTGCGTCTG-3'; antisense: 5'GGGGCATCGGAACCGCT-3'. To exclude the amplification of genomic DNA contaminating the samples, experiments were also performed using RNA as substrate for PCR assay. Densitometry analysed the bands on the gel after agarose gel electrophoreses. The amplified products were purified using QIAquick Gel Extraction kit (Qiagen Company, Hilden, Germany) according to the manufacturer's protocols. T-bet PCR products were sequenced on the applied Biosystems Model 377 DNA Sequencing System.
Protein extraction and western blot analysis
Total proteins were extracted from both freshly obtained PBMC and those stimulated with PHA by using the lysis buffer (62.5 mM TRIS-HCl pH 6.8, 2% SDS, 10% glycerol, 50 mM DTT, 2 mM PMSF, 10 mg/ml aprotinin). The supernatant was collected, centrifuged at 4000 g for 40 minutes at 4˚C and stored at 270˚C until assay. For detection of T-bet, 20 mg of total protein lysate was separated on a 12% SDSpolyacrylamide gel and electrophoretically and transferred onto PVDF membrane (Boehringer Mannheim, Mannheim, Germany) for 12 hours at 4˚C. T-bet protein was detected after incubation with an anti-T-bet (1:500 final dilution) (Santa Cruz Biotechnology, CA, USA) and subsequent incubation with HRP peroxidase conjugated rabbit antigoat IgG mAb (1:2000 final dilution) (Santa Cruz Biotechnology, CA, USA). The reaction was detected with a Chemiluminescence detection kit (Cell Signalling Technology, Beverly, USA).
Statistical analysis
Statistical analysis was performed using the t test for two independent samples, whereby p,0.05 was considered significant.
RESULTS
Expression of T-bet mRNA in patients with Behçet's disease and controls
The obtained PCR products were sequenced and showed a 99.6% homology. Using the optimised conditions, an increased level of T-bet mRNA transcripts was observed in all of the tested patients (Fig 1) . The average ratio of T-bet to b actin mRNA levels was 0.86 in patients whereas that in controls was 0.3. There was no significant correlation of this ratio with the clinical severity of the uveitis. The difference in the ratio of T-bet to b actin mRNA levels between patients and controls was statistically significant (p,0.001).
In order to evaluate the influence of activation of PBMC on T-bet mRNA, its expression was also investigated after stimulating PBMC with PHA both in patients and controls. The expression of T-bet mRNA was markedly increased in the controls after stimulation. The ratio of OD value was significantly higher after stimulation (average 0.8) than that before stimulation (average 0.3) (p,0.001). Unexpectedly, the expression of T-bet mRNA in PBMC after PHA stimulation in patients (average 0.87) was not increased compared with that before stimulation (average 0.86). There was no difference between patients and controls concerning the ratio of T-bet to b actin mRNA levels after stimulation with PHA (Fig 2) .
Expression of T-bet protein in patients and controls
A protein with a molecular size of approximately 62 kDa was detected in the PBMC from all patients with Behçet's disease. However, this protein was not detectable in the controls (Fig 3) . After incubation of the PBMC with PHA, all of the samples, no matter whether they were obtained from patients or from controls, showed a protein with a molecular weight of 62 kDa. Furthermore, qualitative analysis indicated that the expression of T-bet protein was similar between patients and controls (Fig 4) .
DISCUSSION
In this study, a markedly increased expression of T-bet at both the mRNA and protein level was noted in PBMC from patients with Behçet's disease with active uveitis compared with that in controls. It has been suggested that T-bet expression is increased in activated T cells. Therefore, the expression of T-bet both at the mRNA level and protein level was expected to be upregulated after activation of the T cells from the controls. The experiment of stimulating PBMC from these controls with PHA and the analysis of T-bet mRNA and protein indeed revealed an increase in T-bet expression, confirming the validity of the techniques used in the study and de facto upregulated T-bet expression in patients with Behçet's disease who had active intraocular inflammation.
The study on the expression of T-bet has a particular implication in view of its regulatory role in the polarisation of Th1 cells. Numerically and functionally increased Th1 cells are implicated in the development of a variety of autoimmune diseases including Behçet's disease. 1 2 Recent studies have revealed that the polarisation of T lymphocytes into differentiated effector subsets is closely controlled by a variety of transcription factors. 14 15 It has been shown that Stat1, Stat4, and T-bet are involved in the regulation and polarisation of Th1 cells at the transcriptional level. 16 17 It has been established that Stat proteins may not be critical in regulating the transcription of the IFN-c gene. 18 19 T-bet has been shown to be selectively expressed on Th1 cells. It has a central role in the development of Th1 cells through activating Th1 genetic programmes and repressing cytokine synthesis of Th2 cells. 3 20 It is apparent that T-bet is a master switch for Th1 cell development. Therefore, the study on Tbet may provide an insight into the mechanisms of various autoimmune diseases including Behçet's disease at the transcriptional level.
The increased mRNA and protein expression of T-bet in patients with active Behçet's disease, as shown in this study, is in accordance with previously reported results. Studies have revealed that IFN-c is critical in regulating the IL-4, IL-10, and IL-2 cytokine network pathway in Behçet's disease; high serum levels of IL-2 and IFN-c have also been observed in these patients. 19 20 The results presented here, together with those stated above, clearly show that activation of Th1 cells is an important feature in patients with Behçet's disease who had active uveitis and may be critical in the pathogenesis of this disease.
Studies on T-bet in coeliac disease (other Th1 mediated autoimmune diseases) and asthma (Th2 mediated disease) have revealed results similar to those presented here. Salvati et al have found that T-bet expression was increased in the inflamed mucosa of patients with coeliac disease. 21 Contrary to the results stated above, relatively fewer T-bet expressing CD4 + T cells were found in the airway of the patients with asthma compared with controls. 22 23 These results are in accordance with the concept that upregulation of T-bet is instrumental in the development of autoimmune diseases, and its downregulation is involved in allergic disease.
It is interesting to note that no difference could be observed with regard to the expression of T-bet mRNA and protein in our Behçet's disease patients before and after stimulation with PHA, although a significant difference was readily detected in the controls. The upregulation of T-bet in these patients was expected to be similar to that seen in the controls. This result may suggest that a large number of activated Th1 cells are already present in PBMC of Behçet's disease patients with active intraocular inflammation.
Our study has some limitations. We do not know the expression of T-bet in inactive Behçet's disease. In addition, it would be interesting to investigate whether the Th1 activation is reflected by the intraocular or serum cytokine profiles (for example, IFN-c and IL-4). Addressing these problems will greatly enhance our understanding of the pathogenesis of uveitis and may substantially contribute to the study on strategy of the prevention and treatment of uveitis. 5-7) . One representative experiment of two independent experiments is shown. Figure 3 Western blotting analysis of T-bet protein expression in PBMC from patients with active Behçet's disease and normal controls. A 62 kDa protein is detected in all samples from patients with Behçet's disease (lanes 1-6), but not in normal controls (lanes 7, 8) . One representative experiment of two independent experiments is shown.
